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Light variation of the 47 AGB star candidates in the outer Galactic disk has been monitored at I{band
for 5 years. Periods were determined well for 18 of them and less reliably for the other 25. The average
period of the objects is then 500 days. According to the period{luminosity relation, the mean luminosity of
the sample stars is 10000 . Based on the absolute luminosity derived from the period{luminosity relation and
the apparent luminosity from the observation, the distances to the objects are determined. The distances
calculated are slightly greater than those obtained previously on the assumption of constant luminosity of
8000 . In addition, SiO maser emission was detected for most of the observed objects so that their radial
velocities were known accurately. With the assumption of circular rotation in the Galactic disk, the rotation
curve and Oort’s constants were derived.




Up to now, kinematical investigations of disk population stars have been made for groups such as OB
stars (Fich et al. 1989; Brand & Blitz 1993), cepheids (Pont et al. 1994), carbon stars (Metzger & Schchter
1994), young open clusters (Hron 1987), planetary nebulas (Schneider & Terzian 1983). However, because
of interstellar extinction in the Galactic disk at optical and near-infrared wavelengths, such work has been
limited to regions near the Sun.
In contrast to the above nearby disk-stars, a sample of color-selected IRAS sources, the Asymptotic
Giant Branch (AGB) star candidates, reaches a distance of about 15 kpc from the Sun. These color-selected
IRAS AGB candidates very often exhibit OH/SiO maser emission (te Lintel-Hekkert et al. 1989; Izumiura
et al. 1994; Jiang et al. 1997); accurate radial velocities of stars have been known from the OH/SiO maser
observation. Systematic SiO maser searches for AGB star candidates have been made in a wide galactic-
longitude range, and a large number of radial velocities have been accumulated (Izumiura et al. 1994; Jiang
et al. 1997). If the distances of the AGB candidates are known, the radial velocity data can be used to
obtain the circular velocity of the Galaxy. In our previous work, distances to the IRAS AGB candidates
were estimated on the assumption of a constant luminosity, 8000 (Jiang et al. 1997; Deguchi et al. 1998).
However, once its period of light variation is known, the luminosity of an individual star can be determined
from the period{luminosity relation of Mira-type variables (Feast et al. 1989; Hughes & Wood 1990). Using
period information, we thus expect on improvement in the accuracy with which the fundamental constants
of Galactic kinematics can be found.
In this paper, we report a result of the 5-year monitoring observations of light variation in the I{band
for 47 objects. In the I{band, AGB variables have large variation amplitude compared with those at J, H,
K. The period can be found relatively easily. We obtained well-determined pulsation periods for 18 objects.
Distances were then estimated from the period{luminosity relation by the two dierent methods (see section
3.2). Estimated distances are compared with those obtained in the previous work. The observed sources are
located at l = 90◦ to 230◦, i.e., in the outer disk region of the Galaxy, where the presence of halo dark matter
is suspected from the flat rotation curve. We plot the rotation curve of the outer disk using our sample. In
the past, some the period measurements were done, in the direction of Bulge (Glass et al. 1995; Whitelock
et al. 1991), and the south polar cap (Whitelock et al. 1994). The observations in this paper are the rst
systematic period measurement of Miras on the direction of the outer disk of the Galaxy.
Observation and Data Reduction
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The photometric monitoring observations were carried out using the 105/150 cm Schmidt telescope at
Kiso Observatory, University of Tokyo during 1994 - 1997, and the 51 cm Cassegrain telescope at Osaka
Kyoiku University during 1997 - 1998. The CCD camera which was attached to the Schmidt telescope at
Kiso Observatory contained a TI Japan TC215 chip with an array size 1024  1024 pixsels. The eld of
view was 12.−2pt′5  12.−2pt′5 and one pixsel was 0.−2pt′′75 on the sky. The CCD images were taken in
both V and I lters for every source at Kiso Observatory. The limiting magnitudes at Kiso were about 20
mag in the V{band and 19 mag in the I{band. In the Kiso photometric system, the V{lter was the same
as that in the Johnson system, but the I{lter was centered at 8200 A , bluer than 9000 A of the Johnson
system (Jiang 1997). The telescope at Osaka Kyoiku University had F/12 Cassegrain focus and the detector
was a liquid{nitrogen cooled CCD camera using an EEV88200 chip with an array size of 1152  770 pixels.
The camera had a eld of view of 14.−2pt′8  10.−2pt′1, and it was equipped with Johnson V and Cousin
R and I interference lters. We used the 2  2 binning mode (1.−2pt′′54 pixsels on the sky) throughout the
observation at Osaka Kyoiku University. The limiting magnitude at Osaka Kyoiku University was about 18
mag in the I{band. The CCD images were taken only in one band (I{band) at Osaka Kyoiku University
except for calibration images which were taken in both R and I lters.
The observations were done at Kiso from July 1994 to January 1997, and at Osaka from May 1997 to
November 1998. During the observations at Osaka, we made a color-calibration observation at both Kiso
(at September 1997) and Osaka (from September 1998 to November 1998). The observation log is given in
the Table 1 where the IRAS name and Julian dates of observations for all the sources are listed. The seeing
sizes were typically 3−2pt′′ at both Kiso and Osaka.
For the purpose of studying the stellar kinematics and the Galactic rotation, individual light variation
periods (to determine the absolute luminosities using period{luminosity relation) and radial velocities are
required. Therefore, we needed to choose the candidate Mira-type variables and@SiO maser emitters accord-
ing to suitable criteria. The sources in the present paper are taken from the list of IRAS sources selected
by Jiang et al. (1996). They are the AGB star candidates and are identied in the I{band. They were
chosen in terms of 1) position (Galactic longitude@between 90◦ and 230◦, Galactic latitude between −10◦
and 10◦), 2) the flux qualities (333 at 12, 25 and 60 µm), 3) the IRAS 12 µm flux density (brighter than
3 Jy), 4) the color C12  log10 (F25/F12), where F12 and F25 are the IRAS flux density at 12 µm and 25
µm, (between −0.3 and 0.3), 5) the IRAS variability index (larger than 50, Beichman et al. 1985). In total,
121 objects were selected by these criteria.@As a next step, 47 objects were further selected according to the
following criteria, 6) previously unknown optical Miras candidates according to the SIMBAD database, 7)
light variation of the optical(I) counterpart larger than 0.2 mag, and freedom from nebulosity (Jiang et al.
1996). The positions of the selected stars are known to better than 1 arcsec and the nding charts are given
by Jiang et al.(1996).
The data reduction was performed in a standard way by using the DIGIPHOT and ASTUTIL packages
inside the IRAF software package. All the images were de-biased and then flat-elded with normalized dome
flat images. In each image eld, 5 comparison stars for photometric calibration were chosen, within a few arc
minutes around the object. We tried to pick up comparison stars having colors as similar as possible to those
of the objects in order to reduce the dierences between Kiso, Osaka and standard photometric systems.
Figure 1 shows an example of object eld images, where C1, C2 etc., denote the photometric comparison stars.
Light variation of the objects at I{band can be easily recognizable in Figure 1. Dierential photometry were
performed between the comparison stars, and those with light variation larger than 0.1 mag were rejected
for further use as photometric calibration. The magnitudes of comparison stars were obtained by reference
to the equatorial standard stars (Landolt 1992). Only data obtained on photometric nights were adopted.
The standardized magnitudes of the program objects were then determined by dierential photometry with
respect to the comparison stars. Figure 2 displays the photometric results of the 47 objects. The normal
observational spans are 1500 days and the number of data points for each source is about 20. The mean
I magnitudes, the amplitudes of variation, the number of data points, and the observational time baselines
are listed in Table 2.
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fv118pcExamples of I{band images of object elds. Upper panels show the eld of IRAS 00336+6744.
Lower panels are the eld of IRAS 04402+3426. Photometric comparison stars are shown by symbols as C1
{ C5. Images were taken by the 51cm Cassegrain telescope, at Osaka Kyoiku University.
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